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$V$ $V$ Aut $V$ $G$
$V^{G_{=\{v\in V|gv=v}\forall_{g\in G\}}}$ $V$
$G$
$V$ $G$ $V^{G}$





$G$ $n$ $(V_{A_{1}}^{\otimes n})^{G}$
$V_{A_{1}}^{\otimes n}$
$L_{\hat{sl}_{2}}(n, 0)$ $M$ $G$
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2
$V=(V, Y, 1, \omega)$ [8, 11] $v\in V$
$Y(v, z)= \sum_{n\in \mathbb{Z}}v_{n}z^{-n-1}$ $v_{n}\in$ End $V$ $Y(v, z)$
$v$ $V$ CFT
$V=\oplus_{n\geq 0}V_{(n)}$ $V_{(0)}=\mathbb{C}1$ $V_{(n)}$ $n$ $V_{(n)}$
$n$ $v\in V_{(n)}$ wt $v=n$ $v$
$\omega$ 2 $L(n)=\omega_{n+1}\in$ End $V,$ $n\in \mathbb{Z}$









Vir $(e)$ $c’$ $\mathcal{L}(c’, 0)$
$e$
2 $e$ $f$ $e_{1}f=0$ $e$ $f$
$e$ $f$ $V$





9 $k$ $k$ $0$
$\hat{\mathfrak{g}}$
$L_{\hat{\mathfrak{g}}}(k, 0)$





$\dim \mathfrak{h}$ , $\mathfrak{g}$ $L_{\hat{\mathfrak{g}}}(k, 0)$ $M_{\hat{\mathfrak{h}}}(k, 0)$
$K(\mathfrak{g}, k)$ :
$K(\mathfrak{g}, k)=Com\triangleright_{9}(k,0)(M_{\hat{\mathfrak{h}}}(k, 0))$
$=\{v\in L_{\hat{\mathfrak{g}}}(k, 0)|u_{n}v=0, \forall u\in M_{\hat{\mathfrak{h}}}(k, 0), n\geq 0\}$
$K(\mathfrak{g}, k)$ $k$
$\mathfrak{g}$ [7]. $K(\mathfrak{g}, k)$
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$L_{\hat{9}}(k, 0)$ $M_{\hat{\mathfrak{h}}}(k, 0)$
$\frac{kdim\mathfrak{g}}{k+h^{v}}-\dim \mathfrak{h}$

























$H,$ $E,$ $F$ $V^{aff}=\langle H,$ $E,$ $F\rangle$
$L_{\hat{sl}_{2}}(\ell+1,0)$ :
$\ovalbox{\tt\small REJECT}\supset V^{aff}=\langle H, E, F\rangle\cong L_{\hat{sl}_{2}}(\ell+1,0)$
$e^{\gamma},$
$e^{-\gamma}\in V^{aff}$ 2 $\gamma$
1 $\mathbb{Z}\gamma$ $V_{\mathbb{Z}\gamma}$ :
$V^{aff}\supset\langle e^{\gamma}, e^{-\gamma}\rangle=V_{\mathbb{Z}\gamma}$
$H$ $V^{aff}$ $M_{\hat{\mathfrak{h}}}(\ell+1,0)$ $V_{\mathbb{Z}\gamma}$
$V^{aff}$
$V_{\mathbb{Z}\gamma}$ $M_{\hat{\mathfrak{h}}}(\ell+1,0)$





$V^{aff}\supset K(sl_{2}, \ell+1)\otimes V_{\mathbb{Z}\gamma}$
$\gamma$ $L$ $L’=\{\alpha\in L|\langle\alpha, \gamma\rangle=0\}$
$\alpha_{i-1}-\alpha_{i},$ $1\leq i\leq\ell$ $L$
:
$L’=span_{Z}\{\alpha_{i-1}-\alpha_{i}|1\leq i\leq\ell\}\cong\sqrt{2}A_{\ell}$





$V_{L}\supset V^{aff}$ $Com_{V^{aff}}(V_{\mathbb{Z}\gamma})=K(sl_{2}, \ell+1)$ $V_{L’}\supset K(sl_{2}, \ell+1)$ $V_{L’}$
$K(sl_{2}, \ell+1)$ $M$ :
$M=Com_{V_{L’}}(K(sl_{2}, \ell+1))$
$M$ $\ell-\frac{2\ell}{\ell+3}=\frac{\ell(\ell+1)}{\ell+3}$
$V_{L’}\supset M\otimes K(sl_{2}, \ell+1)$














$H,$ $E,$ $F$ $\tau$ $V_{L}^{\tau}\supset V^{aff}$
$\gamma$
$\tau$






$/ \backslash / \backslash$
$M V_{L}^{\tau}, V^{aff}=L_{\hat{sl}_{2}}(\ell+1,0)$
$\backslash / \backslash / \backslash$
$M^{\tau} K(sl_{2}, \ell+1) V_{\mathbb{Z} }$
$V_{L’},$ $V_{\mathbb{Z}\gamma},$ $V_{A_{\ell}}$
$V^{aff}=L_{\hat{sl}_{2}}(\ell+1,0)$





$w( \alpha)=\frac{1}{2}\alpha(-1)^{2}1-(e^{\sqrt{2}\alpha}+e^{-\sqrt{2}\alpha})\in V_{L’}$ (2.3)
$w(\alpha)=w(-\alpha)$
21 ([9,10])
(1) $\dim M_{(2)}=\frac{1}{2}\ell(\ell+1)$ $\{w(\alpha)|\alpha\in\Phi^{+}(A_{\ell})\}$ $M_{(2)}$
(2) $M$ $\{\frac{1}{4}w(\alpha)|\alpha\in\Phi^{+}(A_{\ell})\}$
(3) $M$ { $w(\alpha)|\alpha$ }
(4) $M$ $\ell+1$ :Aut $M\cong Sym_{l+1}.$
$CH$ . Lam
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$M_{(0)}=\mathbb{C}1,$ $M_{(1)}=0$ $u,$ $v\in M_{(2)}$ $u_{1}v\in M_{(2)}$ $u$
$v$ $u_{3}v\in M_{(0)}=\mathbb{C}1$ $u_{3}v=(u|v)1$ $(u|v)\in \mathbb{C}$ $u$
$v$ 2 $M_{(2)}$ Griess
2.1 $\{w(\alpha)|\alpha\in\Phi^{+}(A_{\ell})\}$ $M_{(2)}$
Griess
$w(\alpha)_{1}w(\beta)=\{\begin{array}{ll}8w(\alpha) if \alpha=\beta w(\alpha)+w(\beta)-w(\alpha\mp\beta) if \langle\alpha, \beta\rangle=\pm 10 if \langle\alpha, \beta\rangle=0\end{array}$ (3.1)
$w(\alpha)_{3}w(\beta)=\{\begin{array}{ll}41 if \alpha=\beta\frac{1}{2}1 if \langle\alpha, \beta\rangle=\pm 10 if \langle\alpha, \beta\rangle=0\end{array}$ (3.2)
(2.2) $\tau$ $\alpha_{i}$ $i$
modulo $\ell+1$ $i\not\equiv j$ $($mod $\ell+1)$
$\beta_{i,j}=\alpha_{i}-\alpha_{j}\in L’=\sqrt{2}A_{\ell}$
13
$\beta_{i,j}$ $|\Phi(A_{\ell})|=\ell(\ell+1)$ $i\not\equiv i$ $($mod $\ell+1)$
$w_{i,j}= \frac{1}{4}\beta_{i,j}(-1)^{2}1-(e^{\beta_{1j}},+e^{-\beta}:,j)\in V_{L’}$ (3.3)
(2.3) $w(\alpha)$ $\langle\alpha,$ $\alpha\rangle=2$ (3.3)
$\langle\beta_{i,j},$ $\beta_{i,j}\rangle=4$ 2.1 $\{w_{i,j}|0\leq i<j\leq\ell\}$ $M$ 2
$M_{(2)}$ $w_{i,j}=w_{j,i}$ $i,$ $j$ modulo $\ell+1$
$\ell+1$ $\tau$ $M_{(2)}$
$M_{(2)}^{\tau}=M^{\tau}\cap M_{(2)}$ $L$ $\tau$ $\{\beta_{i,j}|i\not\equiv i (mod \ell+1)\}$
$\tau$




$u^{j}= \sum_{p=0}^{\ell}w_{p^{j}+p},$ $j\not\equiv O$ $($mod $\ell+1)$ (3.4)




$u^{j}=u^{-j}=u^{\ell+1-j},$ $j\not\equiv O$ $($mod $\ell+1)$
$M_{(2)}^{\tau}$
3.1 $\dim M_{(2)}^{\tau}=[\frac{\ell+1}{2}]$
(1) $\ell$ : $u^{1},$ $\ldots,$ $u^{\ell/2}$ $M_{(2)}^{\tau}$
(2) $\ell$ : $u^{1},$ $\ldots,$ $u^{(\ell+1)/2}$ $M_{(2)}^{\tau}$
(3.4) $\ell$ $u^{(\ell+1)/2}$
$u^{(\ell+1)/2}=2 \sum_{p=0}^{(\ell-1)/2}w_{p,(\ell+1)/2+p}$









$u^{j}$ (3.1) (3.2) Griess $M_{(2)}^{\tau}$ $\{u^{j}|1\leq j\leq[\frac{\ell+1}{2}]\}$















$\frac{1}{2}$ 2 $M_{(2)}^{\tau}$ 1
$\tau$ $M$
$M=M^{\tau} \cong K(sl_{2},2)\cong \mathcal{L}(\frac{1}{2},0)$
15
$M^{\tau}$ $\tau$
$L’$ $-1$ $V_{L’}$ $\tau$
$L’$ $-1$ 2





$M_{(2)}^{\tau}$ 1 $M^{\tau}$ [3]
$\frac{6}{5}$ $W_{3}$- $W_{3}( \frac{6}{5})$
$M^{\tau} \cong W_{3}(\frac{6}{5})$
$M^{\mathcal{T}}$ $W_{3}( \frac{6}{5})$ $\ell=2$ $V_{L}^{\tau}$,
$C_{2}$- Zhu [3]
[13] $W_{3}( \frac{6}{5})$ 20 $V_{L}^{\tau},$
30
4. $3$ $\ell=3$




















$M_{(2)}^{\tau}$ 2 $M_{(2)}^{\tau}$ $\{u^{1}, u^{2}\}$


































$M_{(2)}^{\tau}$ 3 $M_{(2)}^{\tau}$ $\{u^{1}, u^{2}, u^{3}\}$
$v$ $v_{1}v=2v$ $\omega$ $\frac{28}{15}$ 3
$\frac{14}{5}$ 3 7 3.2
3 $\frac{28}{15}$




$v^{1}$ $u^{1},$ $u^{2},$ $u^{3}$ $v^{1}=a_{1}u^{1}+a_{2}u^{2}+a_{3}u^{3}$









$\frac{8}{5},$ $\frac{18}{5},2,4,$ $\frac{14\pm\sqrt{6}}{5}$ 6
$\frac{28}{5}=\frac{8}{5}+4=\frac{18}{5}+2=\frac{14-\sqrt{6}}{5}+\frac{14+\sqrt{6}}{5}$
$\frac{1}{10}u^{1}-\frac{1}{15}u^{2}+\frac{1}{10}u^{3}-\frac{1}{30}u^{4}$ $\frac{8}{5}$
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